Seeds of Parkia timoriana show both intra specific and inter specific variation in seed weight. A research was carried out to study the effect of seed mass on germination and early growth parameters of the species. Mature seeds were collected from Sakawrtuchung provenance of Mizoram (India). They were then bulked and grouped into 3 categories as light (lwt), intermediate (mwt) and heavy (hwt), using a predetermines weight method. The grouped seeds are then sown using 1mm sieved garden soil as a medium in poly bags. After germination and from the two leaf stage we start counting the seedling length, collar diameter, dry weight, etc., at every 15 days interval and up to 90 th day, by using destructive method. Study on the germination and seedling growth parameters conclude that except mean germination time (MGT) and germination index (GI), all the other parameters are positively correlated with increasing weight. Relative growth rate (RGR) and average growth rate (AGR) that use seedling dry weight also showed a positive relation with seed weight. Apart from this, the distribution pattern of seed weights as calculated from the frequency distribution of 255 seeds did not show lognormal distribution (K-S test: P<0.05, d = 0.163, n = 255). Seed weight (n=255) varied from 0.39g to 0.81g (mean: 0.61g ± 0.01g). Among the weight class, mid weight (0.5 to 0.69g) seeds made up 56.47% of the total population followed by heavy weight (23.14%) and then by light weight (20.39%).
INTRODUCTION
Every seed comes with a promise to give life on earth. The survival of these seeds, however, is greatly influenced by both biotic and abiotic factors 1, 2 . Seed mass of species represent a complex adaptive compromises 3 and plays a vital role in the establishment of the juvenile phase of a plant's growth curve. Different species give different results 4, 5, 6 on the effect of seed size on germination. Maximum work on this topic resulted in the more positive effect of heavier seed mass, during at least one stage of the life cycle, particularly under stress condition 3, 7, 8 , which might be because of the larger food reserve present. Larger food reserve in seeds may permit more pre and post photosynthetic growth of seedlings and this in turn, may contribute to better growth and survival in later stages 9, 10 .
However, negative relationship between seed mass and relative growth rate reported across species 11- 14 cannot be ruled out. This negative relationship helps the small or light weight seeds with less food reserve to compensate and survive unlike the initial advantage conferred to heavy seeded species 15, 16 . Therefore, this association may be considered as a determinant of plant demography and community composition.
Habitat or microsite variation also influence the mass, size and health of the seedling population in addition to other intrinsic characters of the seeds. The understorey of the forest, where light is limiting are occupied by competitive and tolerant seedlings produced from heavy and large seeds, while light and small seeds with faster germination inhabit the openings. An alternate temperature of 17.5 / 30°C has been found to be more favourable 17, 18 for the seeds of Parkia roxburghii 19 to get germinated. This condition closely resemble to an open forest and hence seeds of all size may germinate, while to a close canopy forest type, seeds with larger food reserve of this species might be favourable.
Parkia timoriana is one of the important leguminous tree species reported to be found only in the north-eastern states of India and some other parts of south-east Asian countries 20 . The pod, flower and seed of this tree is a delicacy and consumed either raw or cooked. Hence, these plant products provide a stable flow of case income to the farmers of the region 21 . Reports of its use in traditional medicine are also well known 22 .
Effect of seed mass on germination and early growth has rarely been analyzed. However, no related work as such has been reported for Parkia timotiana tree seeds. The objectives of the present study were to see if there is any difference in seed weight derived from different provenance and if difference is there, whether seedlings derived from heavier seeds have more regeneration potential. Seed scientists and farmers could utilize this information to create a seed orchard or a plantation farm in less time and with more success.
MATERIALS AND METHODS

Study species
Parkia timoriana (D.C.) Merr, is a leguminous tree species in late successional stage. Flowers, pods and seeds of this plant are edible; therefore it is mostly grown in homestead gardens. It attains a height up to 20 m in plain and 12 m in hills, distributed across the North eastern states of India with an altitudinal range up to 1300 m asl. Under natural condition, they are mostly pollinated by bats, bees and ants, and after the seeds become mature they prefer moist shady place to germinate.
Seed source
M a t u r e p o d s we r e c o l l e c t e d f r o m twenty randomly selected trees of P timoriana at Sakawrtuchung provenance of Mizoram, India (23 0 45'N, 92 0 40'E, 829m asl). These pods were then let dry by keeping under direct sunlight for 10 days and then under shade for 20 days. Extraction of the seeds was done manually by using secateurs and seeds with insect and fungal attack were discarded at the same time. These extracted seeds were then bulked together and were resorted into three categories based on their seed weight as: light (<0.5g), intermediate (0.5 to 0.69 g) and heavy (≥0.7 g) respectively, for determining seed germination and seedling growth. Seeds of each class were soaked separately in distilled water at room temperature (28±2°C) for 24 hours. Soaked seeds were sown separately in 20x17 cm polythene bags containing sieved (1mm) garden soil and watered every alternate day. Daily records were kept until seedlings ceased to emerge (30 days). A seed with a healthy white radicle of about 2mm protruding through the integument was considered germinated. The seedlings were allowed to grow for three months for growth related studies.
The following germination parameters were determined 1.
Germination percentage (GP); the number of germinated seeds as a percentage of the total number of the tested seeds is given as; GP = (germinated seeds/total tested seeds) x 100 % 2.
Mean germination time 23 , is given as; (MGT days) = ST i N i / S Where T i is the number of days from the beginning of the experiment, N i the number of seeds germinated per day and S is the total number of seeds germinated. (3) Germination Index (GRI): it was calculated for each treatment using the following equation:
Where G is the germination day 1, 2…, and x represents the corresponding day of germination 24 . (4) Germination energy (GE): it was calculated as the percentage of seed germination obtained at maximum daily germination speed. (5) Seedling vigour (SV): it was calculated by multiplying the seedling length and germination percentage.
Biomass related growth measurement
Measurements were done every 15 th day starting from the two leaved stage of the germinated seedlings. Three seedlings each were randomly selected, uprooted without damage and then taken fresh weight. Further, they were kept inside oven and dried at 80 C for 24 hours. The dried samples were taken and weigh again in an electronic balance. These data were used to calculate the following parameters; Relative Growth Rate (RGR), average growth rate AGR) and Root/Shoot (R/S) ratio 25 .
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Data Analaysis
Individual seed weights were determined by weighing 255 seeds (45 damaged seeds were discarded) and then a frequency distribution was derived. From this distribution, normality was compared and tested by the K-S test. Relationship among seedling length, collar diameter and biomass for each class of seed mass namely, light, intermediate and heavy were also analysed by using ANOVA. Further calculation for linear regression followed by a regression equation was also computed for the above relationship.
RESULTS
Seed weight
The distribution pattern of seed weights as calculated from the frequency distribution of 255 seeds did not show lognormal distribution (K-S test: P<0.05, d = 0.163, n = 255). Seed weight (n=255) varied from 0.39g to 0.81g (mean: 0.61g ± 0.01g). Among the weight class, mid weight (0.5 to 0.69g) seeds made up 56.47% of the total population followed by heavy weight (23.14%) and then by light weight (20.39%). (Figure 1 ). Seed weights were positively correlated with germination time (Figure 2) .
S e e d l i n g g row t h p a r a m e t e rs a n d t h e i r relationship
Significant positive relationship (P<0.05) between seedling length, biomass and collar diameter was found for all the three seed weights (table 2) . While, comparison of the seed weights regarding the seedling parameters showed no significant difference. A gradual decrease from heavy weight to light weight was seen in all growth parameters except the collar diameter (table 3) .
Relative growth rate (RGR), average growth rate (AGR) and root shoot (S/R) ratio as determined by destructive method, revealed a general trend. RGR and AGR increases with increase in weight, while the reverse is true for R/S (table 4). Seedling vigour also has shown positive relation with increasing seed weight and the number of days (Figure 3) .
DISCUSSION
Lighter seeds with lesser food reserve can germinate and grow if the competition for light, food and space is favourable. On the other hand, large food reserve is necessary to survive under harsh condition 26 . Seed mass may also be influenced by the position of seed in the pod. In Parkia timoriana, because of the difference in nutrient allocation duration during pod filling, seeds from the middle portion of the pod gave heavier weight comparing the top and the bottom region. Longer the duration of pod filling bigger and heavier will be the seeds and vice versa 27 .
Germination and early growth of P. timoriana seedlings were significantly affected by the weight of maternal seeds. The better germination exhibited by the heavier seeds could be the result of greater availability of food reserves in heavy seeds 25, 28, 29, 30, 31 . However, light weight seeds took less time to germinate than the heavy one. This could be due to thinner seed coat, which is in agreement to the report given by several authors on other tropical tree species 30, 32, 33 .
Seed mass and seed size can be used as an important tool for predicting germination and seedling growth 34, 35 . Similarly, close association among leaf, pod and seed size in beans 36 are also well documented. These results are in agreement to our present study which showed This means that homology between, leaf, stem, seed etc., may be due to the fact that at the early primordial stage every organ is initiated in a similar manner from an apical meristem.
P. timoriana seedlings from heavy seeds gave better height, leaf number and dry matter yield than seedlings from intermediate and light weight seeds. In addition to this, the positive correlation between seed weight and seedling vigour put forward the more competitive nature of heavy weight seeds 37, 38 .
Larger food reserve in the heavy seeds could be given credit for the initial superior growth that was observed in P. timoriana. This might have accounted for the early comparative growth advantage in the seedlings. Positive correlation between seedling length, biomass and seed mass 35 as reported by seed researchers highlight the above experimental result. Report of superior growth in Anacadium accidentale from larger nuts than the smaller one 39 also support this relation.
CONCLUSION
Our study indicated that light and intermediate weight seeds of Parkia timoriana germinated faster than the heavy one. There was a gradual increase in seedling vigour with increasing seed mass with maximum vigour was observed in between 60 to 75 days interval. Thus the study recommends that the tree planters and other stakeholders should use heavier seeds of this species for obtaining better quality of seedling.
